Introduction
Whereas the chemistry of alkene complexes of platinum has a long history [1] and alkene complexes of gold(I) have been known since the 1970s, [2, 3] π-complexes of gold(III), although often postulated as intermediates in many gold-catalysed reactions, [4] proved remarkably elusive. In 2013 we reported the first examples of π-alkene complexes of gold(III) [(C^N^C)Au(L)] + (L = ethylene, cyclopentene or norbornene) using a cyclometallated 2,6-diphenylpyridine pincer as stabilising ligand ( Figure 1 , structure A). [5] These compounds could be isolated as yellow powders and the norbornene complex was stable at room temperature, whereas the ethylene and cyclopentene complexes proved thermally labile. At about the same time Tilset et al. . [6] This compound is the only example of a structurally characterised π-alkene complex of gold(III), until now. Following our recent isolation of the first examples of gold(III) alkyne complexes, [7] including the crystallographic characterisation of an alkynyl complex of type C (Figure 1 ) which uses a bis-cyclometallated biphenyl-based C^C ligand framework to provide stability (C^C = 4,4′-di-t-butylbiphenyl-2,2′-diyl), we decided to explore the potential of this dianionic C^C chelate ligand scaffold for the synthesis of π-alkene complexes and related reactive species. Biphenylyl ligands are attractive since they are resistant to reductive elimination, and indeed they were introduced into gold chemistry by Usón for this very reason several decades ago. [8] Here we show that this ligand framework provides access to thermally remarkably stable, crystallographically characterised Au(III) alkene adducts, as well as to new types of alkyne complexes, and explore with the aid of DFT calculations the trans-influence of C-and N-donor ligands on the Au-L bond energies.
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dichloro anion 1, which is readily soluble in CH2Cl2 or THF. Addition of AgSbF6 in dichloromethane in the presence of diethyl ether gives [(C^C)Au(OEt2)2]SbF6 2 which, after removal of a precipitate of NBu n 4SbF6 by centrifugation, can be isolated as a pale-yellow solid. The addition of 1,5-cyclooctadiene (COD) at room temperature to diethyl ether solutions of 2, either preformed or generated in-situ, gave a colour change to yellow, accompanied by the precipitation of a yellow solid which was purified by washing with diethyl ether or hexane and isolated in 64% yield. The complex was recrystallized from dichloromethane and identified as [(C^C)Au(COD]SbF6 (3). The addition of norbornadiene (NBD) to 2 in a similar fashion also gave a slight colour change, although in this case an ether/hexane solvent mixture was required to induce the precipitation of the alkene complex, [(C^C)Au(NBD)]SbF6 (4). Unlike the structurally related dimethylgold complex B, both 3 and 4 are thermally stable under ambient conditions for indefinite periods of time. (Figures 2 and 3) . The COD ligand in 3 has (idealized) C2 symmetry due to the constraint imposed by the ring structure, as noted earlier. [6] There are four independent cations and anions in this crystal. In the cation of Au(1), the Au-C(alkene) bond lengths differ by 0.063 Å in one C=C bond and by 0.025 Å in the other. The average C=C distance of 1.364(11) Å in 3 compares with the corresponding bond length of 1.381(12) Å in PtMe2(COD). [13] By contrast to the COD bonding, 10.1002/chem.201802160
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This article is protected by copyright. All rights reserved. , in contrast to the dienone C=C coordination in the well-known Pd2(dibenzylideneacetone)3 complex. [14] In the crystal, the asymmetric unit contains two cations, two anions and two 'solvent' molecules (which have not been fully identified). The two cations are very similar and related by a pseudo-centre of symmetry; each has a pseudo-twofold symmetry axis which divides the C^C ligand in two and relates (approximately) the two ketone ligands. The two cations are aligned so that the gold atom of one lies ca 3.64 Å over the ring of C(6-11) of the other (see Supporting Information). In gold(I) complexes, alkynes have been found to be comparable in donor strength to alkenes, [15] although NMR equilibrium studies showed that alkynes such as 3-hexyne are less strongly bonded than even weakly coordinating solvents such as acetonitrile. [16] We therefore explored alkyne binding to the (C^C)Au(III) fragment. In contrast to the inability of these gold(III) complexes to form 1-alkene complexes, the addition of two molar equivalents of bis-1-adamantyl acetylene to a solution of 2 led to the formation of a colourless microcrystalline solid which proved stable in dichloromethane solution at room temperature but slowly decomposed during crystallization attempts. Accepted Manuscript
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Scheme 2 Synthesis of mixed-ligand gold(III) acetylene complexes
conditions it is thermally stable at room temperature for several days. Drying a sample under vacuum afforded a pale-yellow powder which showed a C≡C stretching mode in the infrared spectrum at 2120 cm -1 . However, removal of the excess acetylene by washing with hexane led to decomposition. The expected bis(alkyne) complex was not formed, apparently due to steric hindrance by the adamantyl substituents. The water molecule gives rise to a broad 1 H NMR signal at δ 6.6 ppm and is thought to be introduced during the reaction of the dihalide 1 with hygroscopic AgSbF6 to generate a solution of 2 in-situ. In line with this, one crystallization attempt afforded crystallographically characterized [(C^C)Au(OH2)2]SbF6 (see Supporting Information, Figure S1 ). It is noteworthy that while gold cations are known to catalyse the hydration of alkynes to ketones, [17] no such reaction was observed in the case of the aquo complex 6, most probably due to the high steric stabilisation provided by the adamantyl substituents. In order to avoid the introduction of traces of water with AgSbF6, an alternative synthetic route was attempted by reacting the trifluoroacetate complex (C^C)Au(OAc The alkyne coordination is further documented by the 13 C NMR chemical shifts ( Table 2) . Coordination of bis-adamantyl acetylene to the metal centre leads to deshielding and a highfrequency shift, although, as previously noted, [7] the δ and Δδ ranges of these Au(III) adducts are very similar to the values for alkyne complexes of Au(I). The chemical shift changes therefore reflect primarily the donor interaction to a Lewis acidic metal centre but are not indicative of the metal oxidation state. The alkyne complexes reported here are significantly more thermally stable than previously reported 3-hexyne and Bu t C≡CMe complexes supported by C^N chelate ligands, [7] most probably a function of the alkyne substituents. Unfortunately attempts to grow crystals of 6, 8 and 10 suitable for X-ray diffraction were not successful. However, the constitution of these compounds could be unequivocally established by NMR spectroscopy. These complexes represent the first examples of mixed-ligand gold alkyne complexes containing a combination of weak (alkyne) and strong donors (phosphine, isocyanide). Remarkably, there was no sign of ligand rearrangement and formation of [(C^C)AuL2] + where L = PMe3 or C≡NR.
Computational Studies. In order to assess the bonding of alkenes and alkynes in more detail, and also to probe the transinfluence of C^C vs. C^N^C ligands in these square-planar d 
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This article is protected by copyright. All rights reserved. To understand the trends in Au-L binding energies we start with the C^N^C system of type A (Figure 1) , where the trans influence due to the pyridine moiety is modest. [18] + . The increase in stabilization on going from tBu to Ad is in line with the known stronger electrondonating ability of the Ad group, [19] and AdC≡CAd is the strongest-binding substrate evaluated, with a binding enthalpy that is some 17.4 kcal/mol higher than for HC≡CH. The stabilizing effect of alkylation is smaller for alkenes (CH2=CH2 vs MeCH=CH2, 2.1 kcal/mol) and even weaker for ndonors such as ethers (OH2 vs OMe2, 1.6 kcal/mol per Me group). There is no significant increase in binding energy on going from MeCH=CH2 to tBuCH=CH2. Within the group of olefin complexes, the doubly substituted and strained olefin NBE binds more strongly than even tBuCH=CH2. Turning now to binding by (C^C)Au fragments ( The second L binds to the 14-electron species [(C^C)AuL] + more weakly than the first (ΔH2 range: 11-19 kcal/mol) and steric effects become significant (equ. 2 and 3).
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This is particularly evident in the acetylene series, where the second tBuC≡CtBu binds much more weakly than either MeC≡CMe or AdC≡CAd. On going from MeC≡CMe to the tBu derivative steric hindrance increases dramatically, reducing the binding energy. However, the further change from tBu to Ad does not increase steric hindrance but still results in further electronic stabilization. A similar (though smaller) effect is seen in the olefin series, where the binding enthalpy is larger for MeCH=CH2 than for either CH2=CH2 or tBuCH=CH2. The bond enthalpy trends in C^N^C vs. C^C systems and the influence of steric repulsion in ΔH2 are illustrated in Figure 5 . (Table 3 ) highlights a dependence of the trans influence of N of C on the type of L: While the effect of an anionic C-donor weakens the Au-L bonds in all cases, simple n-donors such as ethers are less affected than π-donors, with an average bond enthalpy trans to C of about 50-60% of that trans to N. Ligands L which are π-donors but weak π-acceptors show ΔHav(C^C) of about 40-45% that of the C^N^C system, whereas the strong π-acceptor CO is most weakened by the trans influence, down to 35%. These trends would make it appear less likely that C^C chelates are suitable for the stabilisation of Au(III)-CO complexes. [20] Scheme 3. Table S1 ). The results confirm the stronger binding of COD over NBD in all cases. The weaker binding of NBD relative to COD agrees with experimental observations in platinum chemistry. [21, 22] However, while the enthalpies in Figure 6 show very similar trends for the three metal fragments under consideration, an analysis of charges from natural population analysis of (C^C)Au + , Me2Au + and Me2Pt also show differences, such as the accumulation of negative charge on Me and only small positive change on Pt in Me2Pt, whereas in Me2Au + the methyl ligands are essentially neutral and the metal is strongly positively charged. This is illustrated in Figure 7 
Conclusions
The biphenylyl C^C chelate ligand has been shown to provide a convenient framework for the synthesis of gold(III) complexes with labile π-ligands, by imparting much improved thermal stability. This applies in particular to gold(III) alkyne complexes, which until very recently had been merely hypothetical species. 
Experimental Section
CCDC 1839314-1839317 contain the supplementary crystallographic data for this paper. These data are provided free of charge by The Cambridge Crystallographic Data Centre. See the Supporting Information for experimental details. 
